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Backgr ound

This is a prelimnary submttal of sonme findings fromthe study of
plastics and reinforced plastics-which is one of the many research
prO{ecIs bei ng managed and cost shared by Todd Shipyards Corporation, a
participant in the National Shipbuilding Research Program The Pyogram
s a cooperative effort by the Maritime Admnistrations Office o{
Advanced Ship Devel opment "and the U.S. shipbuilding industry. The
objective for the basic study, as conceived by the” Ship Production
Commttee of the Society of Naval Architects and Mrine Engineers, is
todd%ternlne the cost effectiveness of plastics in the shipbuilding
i ndustry.

An init
an authority
al though pla

0

ial report by the research subcontractor, DeBell & Richardsor
In the evaluation of new plastic products, indicated that
[t stic pipe had been introduced, its usage in shipbuilding was
limted conpared to its potential for cq_gnealgr | nprovenents in =
roductivity. It was apparent that such limted usage was due wlimted
now edge possessed by designers owners, regulators and shipbuilders
regarding the use of Specific plastic materials in specific mrine
applications. = This view was corroboratedlg¥ % CO|nC|deng end r of essi ona
marine marketing survey com ssioned by a nanutfacturer of fiberglass
reinforced pipe. Thus, National Steel and Sh[prIIdln%_CD. under t ook
on a cost sharing basis, to determne the design feasibility and
potential cost benefits of fiberglass reinforced pipe installed in a
nodern U.S. tanker. The resulting report is contained herein.

. And, from the outset of this project l|iaison has been maintained
with the researchers who have simlar objectives regarding the use of
?Iastlcs in ships of the U S. Navy. A discussion of the results of

heir pertinent investigations are also contained herein. |t contributes
significantly to the know edge prerequisite for the greater an sa{e
use of fiberglass reinforced pipe in conmercial ships.

M. G A Uberti, Chief of Devel opment Engineering, National Steel
and Shi pbui I ding Company managed the feasibility study for fiberglass
reinforced piping in a tanker

M. G F. Wlhelm, Project Engineer, David Taylor Naval R&D Center
Annapolis was the principal vy investigator with whom research results
were exchanged.

M. R F. Heady was the R&D Project Manager who provided technica
direction and M. Ly D. Chirillo masjthe R&D Pro faﬂ1ﬁhnager havi n
cogni zance.  Both performed in behalf of the Seaftle Division of Todd
Shipyards Corporation.



Since a shipbuilder and a fiberglass piping supplier were
planning to neet on nutually unfamliar ground in undertaklnﬁ
this project, a short technol ogy exchange program preceded the
actual performance of the study. The shipbuilder's sonnel
were taught the rudiments of fiberglass piping application at
the fiberglass factory, and the suppliers personnel were ex-
Qosed to ship design and production procedure at the shipyard.

he knomAed%e gai ned through the exchange prevented many tal se
starts as the work proceeded.

The study was performed by the Engineering and Estimating
Departments of National Steel and Shipbuilding Co. (Nassco) in
San Diego, Technical consultation on fiberglass design was
furnished by G ba-CGeigy Corp., Pipe Systens Departnenf of
Houst on and” Burkburnett, Texas. ( bg-Gei gy supPI i ed background
information and technical data on fiberglass relnforced epoxy
piping contained in this report. The first draft of the report
was reviewed by other departments at Nassco, as well as by G ba.
Geigy and Todd.

Principals involved in the study were C. G ant, R Monastero,
and G A_Werti of Nassco, and D. Abbott, J. Biro, and J. Carter
of G ba-CGeigy Corp.

G A UWerti

July 1, 1976



For ewor d

Fi berglass reinforced technology was initially advanced
after World War 1| by Defense Department prograns, Ihrou?h
Hercul es and Aerojet "CGeneral , to produce, rocket caslnﬁs or
solid propellant rockets. Fiberglass reinforced piping was
I ntroduced |n|t|aIIX into the chemcal industries as process
piping in the md-1950"s This was a |ogical application,
since these composites offer excellent resistance to corrosion.

Since then, fiberglass reinforced piping systens have
und general acceptance in such diverse Industries as oil field
oduct’i on, coal.,n1n|nqN(PetroI%yn1 roduct P'BBPQ’ and power
ant utility piping. espread uses in troubl &some services
uch as steam condensate return piping, oil field down-hole
ubi ng, and n1I|tarY jet-fuel transport are now common. ,
Approximately 50 m[lion feet of fiberglass relnforce% nge IS

produced each year. The industry grows at a rate of %
per year.
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Fi berglass reinforced piping has been used aboard ship
to alimted degree, and with varying success, in cargo |ines,
bal [ ast |ines, condult, service lines, and the like. Previous
attenpts to introduce fiberglass piping systems into shipboard
services have faced four major obstaclés:

1. Absence of adequate plpln% engi neering data to enable
a designer to translate the effects of ship novenent
into sfress and strain on fiberglass piping;, and
conse%uently, | ack of acceptable testing criteria
permtting evaluation of suitability and predictability
of long term performance.

2. Lack of essential desi?n practices for such ship-
bui lding details as bul'k penetrations, anchoring,
supports, and pi pe hangers.

3. Unavailability of data necessary to design and test
a fiberglass pipe joining system adequafe to the
marine environnent.

4. Finally, lack of a sound basis for the regul atory
bodi es” and classification societies on which to
eval uate the general acceptability of fiberglass
piping for various marine services.



Resol ution _of these iQEFdinents IS in progress in concurrent
programs. J.J. Henry Conpany of New York "has been retained by
Ci ba-Geigy Corporation to address the problem of s eclfylng
marine testing criteria, and then to conduct approBrlate t est
programs. This will provide the necessary engineering data to
nmeasure performance of fiberglass piping in shipboard service.
Al so, the proprietary nechanical joining system devel oped b

Ci ba-Geigy and used extensively in non-marine industries is
currently under test in the J.J. Henry program

This study exam nes the design and installation problens
and the conParatlve,econon1cs,|n substituting flbergl§§s for
steel in actual designs of shipboard piping System uccessf ul
out cone of the above-nentioned tests and approval by the U.S.
Coast Guard for material application and design details is
presuned. The stud&euses plplng system conponents ordinarily
furni shed E%.CIba- |g¥ for other "markets. It should be noted
that G ba-CGeigy currently grgduces,PLPlng and fittigs in
sizes up to 16” . The 18" and 30" piping used in the cargo oi
systemare still under devel opment at Ciba-Geigy. _ This Teport
does not survey piping systens furnished by conpeting suppliers.

In making the cost conparison, fiberglass materials costs
were quoted b ba-Geigy, and installation |abor costs were
estimted b%C ssco. In estimating the |abor costs, Nassco
consulted FMC Corporation in Portland, Oregon, and took into
account their experience in installing 10 ~ballast suction
lines to a ring-main on a handy size double-hull tanker. No
account was taken of operating experiences In the few scattered
marine installations since this is a first-cost study and
does not include life-cycle factors.

. Fi berglass piping has a special appeal. to the shipowner
in corrosive fluids systems. It was considered that the best
shlpboard application would be the ar%P 0i | S%Sten1and the
salt water clean ballast system These distributive systems
of the 90,000 DWI San Clenente class tanker were studied in
their entirety, except for the portions contained in tine ﬁunp-
room This éxclusion was deened advi sable due to the hig
congestion in this area on a modern tanker

%y“cmionoffibm |ass piping is limted to U S Coast
Cuard Cass Il service. hi's corresponds to a maximm pressure
of 225 psig and a tenperature range tor cargo oil of 0° to 150°F
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PART | - SUWMMARY

OBJECTI VES

The primary objective of this study was prelimnary
Investigation into the possibility of a cost advan-
tage to the shipbuilder by substituting fiberglass
rernforced epoxy piping in place of steel for certain
systems in an oil tanker.

|f the results had shown that the fiberglass system
did not indicate a cost advantage to thé shipbuil der,
a,secondary objective was to identify the itenms of

hi gher cost.

Since the fiberglass systemdid result in a cost ad-
vantage, the secondary objective was to reconmend
further steps that mght be taken to introduce fiber-
glass piping systems tor general use in merchant ships.

FI NDI NGS

M ni mum saving to the shipbuil der b% installing fiber-
glass cargo orl p1p|ng t hroughout the ship, exclusive
of the punﬁroon] IS 15% of the cost of |nstalllng st eel
piping. This percentage saving is conservative Dbe-
cause it includes a high |abor contingency allowance
Saving will increase as the shipyard gainS experience
permtting a reduction in this contingency allowance

to a |ower actual |evel. The percenta%e will increase
further by inproved fiberglass system design techniques
whi ch maximze the anount "of factory pre-fabrication.

Corresponding saving for a fiberglass clean ballast .
systen1|s_|n the order of 20% of "the cost of installing
S

eel piping.

There are no design or installation problens that would
Proh|b|t the application of fiberglass piping to se-

ected fluid systenms in merchant Ships. Thi resume
a successful outcone of the on-going test ana gbentua
general . acceptance by the U S. Coast Guard, rather than
acceptance on a case basis.)

No capital outlay is required for fjbperaql i Di in-
stallgtion No %pecialﬂy skilled c}aF{gnéﬁSaPéphgngQ,
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3.1
3.1.1

3.1.2

3.2
3.2.1

3.2.2

3.3
3.3.1

RECOVMENDATI ONS

Design

Conpl ete the study in two areas unresolved in this
project. These are:

a.lnvestigate the stresses in fiberglass flange
connections at bul khead and deck "penetrations
resulting from “working” of the ship. |If these
stresses are low, or if a flange can be designed
for ow stress, the special adaptor used at
each penetration could be elim nated.

b. Review all details of fiberglass piping system
design that require field fit-up. I'nvestigate
p|F|ng system installation procedures that will
al | ow maxi mum use of fiberglass piping sub-
assenbl ies conpletely prefabricated and tested
at vendor’'s factory.

Perform|ife-cycle cost stud% to determne the savings
to the shipowner by using fiberglass in Oass |

fluids systens wheie piping is replaced at |east once
inthe life of the ship.

State of the Art

Study past and current fiberglass experience to see
what " | essons can be learned in the areas of design,
operation, and nalntenance,apPllcabIe to marine Systens.
Potential fields of investigation are:

a. Selected n-on-narine fiberglass systems in service.

b. Few nerchant ships containing sone fiberglass
pi pi ng.

Naval vessels containing fiberglass piping

o O

Current baIIast_pipin? installation in Chevron
tankers by FMC in Portland, Oregon.

Stulethe fiberglass reinforced piping systens of
suppliers conpe |n% with G ba-GE|gy Corporation in
order to broaden the field of vendor selection.

New Construction

Perform an in-service evaluation of one or nore



selected piping systens. Return costs and performnce
shoul d be nDn|?ored for:

a. Engineering analysis and system design.
b. Systeminstallation and testing, incliding rework.

C. Cperation and mai ntenance experience over a Sspeci-
led period of tine.

Since this study indicates that fiberglass piping w |

yield a first-cost saving to the shipbuilder, an

does not rely solely on a |ife-cycle cost saving to
}hetsglpomner, any Cass Il piping system nay be se-
ect ed.

3.3.2 Work out details of guarantee appong fiberglass vendor,
shi pbui | der, and shipowner. Definé exteni of parti-
cipation by the Maritime Admnistration.

3.3.3 \Wen a ship%ard decides to install fiberglass pipin
arrange. to have des|gn,and,%roduct|on personnel ‘undergo
ashort indoctrination in fiberglass technol ogy, pre-

ferably at the vendor’s manufacturing plant.



4.1
4.1.1

4.1.2

4.1.3

4.1.4

4.2
4.2.1

4.2.2

PART |1 - COWVPARI SON OF FI BERGLASS AND STEEL

DESCRI PTI ON OF MATERI AL SYSTEMS COVPARED
Steel System (Ballast Piping)

Material. The steel ballast piPing consi sts of

ASTM A-53 pipe supplied in double random | engths,

34" to 36" long. ittings are ANSI standard: B16 .9
for elbows, and B16.5 far flanges. Piping is gal-
vani zed. Thickness correspondS to standard weight.
Dianeters are 8" and 10".

Joining. The piping systemis wel ded wherever
0SSl e,|nclud|ng at “bul khead penetrations. El bows
are buttwel ded. | anged connections are made at

val ves.

Expansi on.  The bal | ast system under consjderation
I's the version that uses pipe bends to allow for ex-

pansion. Bends are nade with a pipe bender at a
radius of 5D. \Where space is critical, standard
el bows are used in place of bends.

Supports. Pipe hangers are made of U bolts through
angle iron supports wel ded directly to the ship struc-
ture. The bul'khead penetration serves as an anchor
point for the ballast piping, where necessary.

Steel System (Cargo G| Pining)

Material. The stee” c%rgo %iIbFipingdconFistshof
ASTM A-53 pipe supplied 1n double random |engths, 34
to 36' Efonp.p F%t??ngs are Aﬂél standar d: ]

el bows, and B16.5 for flanges. Piping is coated with
epoxy on the outside, which is the same as the cargo
tank’ coating. All piping is 1/2 thick. Diameters
are 8", 18", and 30" .

Joinjpg. The piping systemis welded wherever
poss’BPe, PncPugin ay bu headwbenetrations. Spuds
are welded into the pipe to formtee connections.

El bows are buttwelded. Flanged connections are. made
at val ves. Lengths of piping conprising the mains
and the branches are joined by Dresser couplings.




4,2,3

4.2.4

4.3
4.3.1

4.3.2

4.3.3

ansion. The Dresser couplings take up.thermsal ex-
pansion and "working" of the ship. :See Appendix A 'for

couplings.

SuQPorts. Bul khead penetrations, wth the bul khead
prating and brackets welded directly to the pipe, serve
as anchors Qher anchors are forned by short risers
of large diameter pipe welded directly to the car?o
pipe and to the tank top.. These supports have cuf-outs
to avoid pockets of liquid or vapor. Pipe hangers are

made of U bolts and angle iron pedestals.
Fi bergl ass _System

Material . Fiberglass reinforced epoxy piping used in
—1s study is a conposite of fiberglass filanents

wound intQ epoxy resin, and manufacCtured to ASTM D-2310.
+'See “Anpendix "B-"! Piping is furnished in |engths ulo to
40" 7and canm be supplied plain-ended or with “built-in”

fittings, as described in:paragraph 4.3.5. :Common prac-
tice for large piping is to furnish 1engths of pipe
with both ends ready for rapid ass_enbl¥. Piping.is

| eft uncoated. WlI" thickness varies from 1/4" " for

16" pi p%Ot”o 1/2" for 30" pipe. D ameters range from

8'to

Joining. Fiberglass piping systemjoints are made by
adnestve bondi nP or tg mechani cal coupling with an

el astoneric seal. (CQther techniques are availaple,
but are not considered in this s u%y.) Al'though ad-
hesive bonding is generally enployed for relatively
smal | size pipe (up to 6",this nethod is used on

| arger sizes when it is necessary to attach a flange
to a pipe. It results in a permanent_joint that is as

strong as the pipe itself. :See Appendix Cfor a dis-
cussion of the adhesive bondet¢§-6i-At:-------- !

Expansion. The principal type of joint used in this
study is the patented Pronto-Lock mechanical joint
manufactured by Ciba-Geigy. 'See Appendix D for a de-
tailed description. This is @ TesR=tight joint which
permits a2 certain degree of axial and angular movement,
and provides restraint against pulling apart. The
fiberglass system is designed such that thermal ex-
pansion and "working" of the ship is accommodated in
this type of joint.



4.3.4

4.3.5

5.1
5.1.1

5.1.2

Supports . Split-ring hangers are used for piping
supports. These are lined with rubber or Buns-N
and bolted together with a slight clearance. At
| east 120°of Support is required for fiberglass

pipe. Anchors are formed by building positive stops
that connect to a flange.

Pre-fabricated Piping Sub-assenmblies. Sections of
PIPINg assenblies nay De nade a € vendor's factory
and delivered to_the shipyard for direct installation
into the ShIP' The nost Common exanple of this
practice is the case of a section of pipe cut to re-
quired length, and shipped complete wth the mal e-end
and_femal e-end Pronto-Fock }0|nt, as described in

péndi X D Mre conplex arrangenents are nade In

“the Tactory by the “hand Iay-up met hod. Thi's met hod
ees a

iskused to produce special
i ke.

BASI S FOR COVPARI SON

efihiticn «of Eyvstems Compared

nd crosses, and the

Bal | ast System The_conplete ballast systemis des-
criped brierly in:Appendix E A large part of the

I ping consists of individual “suction lines for the

al [ ast tanks. The portion of the ballast system de-
fined for comparison with steel consists of two 8"
suction lines and four 10" suctjion |ines, conplete
with suction bellmuths. Al of these lines are |o-
cated within the double bottom The piping in the
punproom is not recomrended for conparison in this
early study, due to the congestion in the punproom and
the relative conplexity of The piping arrangenent.

Cargo O ?ystenl_ThQ_gpangte_gar 0 oil systemis
escriped orrerty in.Appendix F. e.ph¥3|cal arrange-
ment of the system may be consitered in three separate
parts: in-tank piping, punproom piping, and deck.

pi ping. The portion of the cargo oil "system defined
for conparison with steel consists of the in-tank
suction piping and the deck discharge piping. Two

30" suction nains, eighteen 18" su ilon br?Pc es,

and ei ghteen 8" strlpglng spuds, all installed above
the inner bottom conprise the in-tank piping. The
deck piping consists of two 24" discharge nains,
termnating in 24" manifolds with 16" nozzles, and

two 8" branches for fueling at sea. The study includes
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6.1.2

the two 24" drop lines fromthe deck piping to the
_suctjon_lines..__For the same reasons nentioned in
e-

Sel ection of Control Areas

To facilitate the conparisons defined above, repre-
sentative control areas of the systems were selected
as described bel ow.

Ballast Piping. . The control area selected for the

arrast prprng.is_Tank_No. .5 whose arrangement in

steel is shown in Figure T. " The repl acement  study
an eqU|v%ﬁ

i nvestigated design aetarfs for ent arrange
nent in fiberglass, and uses this af.a bﬁ5|s for
estimting the conparative cost of Ttiberglass.

Fargolln-tank Piping. The control ay e sel ect ed
Tor_LNne cargo in-tank piping is Tank No. 4. Asseen
iniFrgure 2, it includes the drop lines as well as

suction maiTis and branches.
Cargo Deck Piping. The entire run of. deck piping from
e npgshpp cargo nanifold gng tﬁe
fuel ing-at-sea stations was studied for replacenment
In fiberglass. :_ELgu_re_s__S_a_ind%:are reproductions of
Yprﬁin rawi ngs A steel wth-the deck piping high-
i ght ed.

MATERI AL AND PRODUCTI ON CONTROL
Material Control

The many itens of material that ultimat

a Shl? are procured and delivered t he workshops.
such that the right materials in the right quantities
are available to suPport the shipbuilding schedul e.
Because of the quantity of material procured, the
diversity of types, the schedul e of terlah require-
ments, and the possible limtations of warehouse
capacity, a conputer-based material control system
I's enmployed in many shipyards.

Material requirements are determned by the Engineerin
Departnent as the drawi ngs are devel oped. The nateria
control system maintains material status through pur-
chasing, receipt, inspection, warehousing, and issue
to the production shops.

i mately conprise
0t
er



6.1.3

6.2
6.2.1

6.2.2

6.2.3

6.3
6.3.1

A standard catalog of repetitive materials used at
the shipyard is conpiled, and a standard nethod of
assigning material codes is used. Non-repetitive
or special purpose items are given psuedo-codes and
are not included in the catal og.

Mat erial Procurenent

The information on the List of Miterials (L/M on

an engineering draMAaﬁ_IS carried over to a Bil

of Materials “(B/'M which begins the procurenment
process. The materials involved (in this conparison
study) are standard Iengths of pipe, standard flanges
and couplings, and standard materials for anchors

and supports. Al of this material is carried in

the catal og mentioned above

For fiberglass reinforced epoxy pi ping, each el enent
except anchors and supports w [l probably be unique
Thus, a section of pipe would be purchased to a
sPeC|f|c predetermned | ength, with end fittings
attached as required. Pipes may have branch stubs
assenbled in the factory.  Standard fittings may be
procured fromthe fiberglass vendor's catalog, o
apegial fittings may be made to suit the shipbuilder's
esign.

As an alternate procedure, a shipyard using fiberglass
P[Plng may decide to order only standard pipe and
ittings Trom the vendor's cafal og. This approach
woul d be simlar to the-pateri-al-.or-dering procedure
for steel described in:Paragraph 6.2.1. "The ship-
bui | ders catal og woul d Then e expanded-to include
these itenms. This nethod woul d necessitate a new
expertise in fiberglass piping assenbly techniques to
be established in The shipyard. This approach was not
investigated in this study,. since it appears that a
significant advantage to 'the shipbuilder will be
realized by having as nuch fabrication as possible
performed by the vendor's specialists. Aso, a greater
degree of freedomin designis afforded if the designer
%stppt limted to the standard line of fiberglass pipe
i ttings.

Production Control

Al production operations are schedul ed and nonitored
so that pre-fabrication is perforned as required to



support the erection schedule for the building ways or
?raV|n? dock. It may be noted that a nodern shipyard

ends To do as nuch shop fabrication and pre-erection

outfitting as practicable so as to mnimze the length
of time a hull spends on the ways or in the dock.

6.3.2 After the piping systemis designed, the Production
Depart nent "deci des “on the size and extent of individua
pi ping spools, location of field welds, and the com
position of the various piping subassenblies and pack-
ages. This infomation is then incorporated in the
engi neering draw ngs, . Production breakdown and. pro-
duCtion control 1déntification may be seen on Figure 1.

6.3.3 The production control system keeps track of materia
fromthe tine of original issue fromthe warehouse
until its final transportation to the ship. For steel
pi ping systens, the internediate steps are:

- transport to pipe shop
- fabricate into sub¢assenblz
- transport to galvanizing shop or to sandbl ast
area
al vani ze, or sandbl ast and pai nt
- fransport to storage area ,
- store and inventory as a fabricated part
- issue to ship upon’ request

6.3.4 For fi?erglass ﬂipingt sgop fabrication anddprﬁfﬁctive

coating Is not required.  Unique.pieces. ered from
t he ve%dor, as,de%cr|bed in: gragpégh 8_5#2, will be
gi ven package identification-for--convemi-ence.' However

__all of the intermediate production steps listed in

v“Paragraph 6.3.3will. not be necessary. Material wll

“The rssued fromthe warehouse and transported directly
to tPe ship, or to the hull subassenbly, for fina
erection

7 DESCRI PTI ON OF FI BERGLASS DESI G\
7.1 Doubl e Bottom Pi ping

7.1.1 The steel Dpallast systemis welded from bul khead to.
_bul khead wi_.th expanSion bends in between, as shown in
‘Figure 1. °The limted access through Iightening holes
“tn-the-structural floors requires that certain .
sections of 10" and 8" pre-fabricated p|F|ng be shi pped

loose with the hull subassenblies. Final fit-up and




7.1.2

7.1.3

7.1.4

7.1.5

7.1.6

wel ding will be done on the ways. : Figure 1 Snows

___________

three erectabl e piping. packages: p2-1, P2-3, and
P2-5. These arepagsogigted %ﬁth gpe0|f|c huIF sub-
assenbl i es as shown.

I's piping is shown

The fiberglass LﬁgLacannnt_ f this
he§? PiPing runs are

0
in plan view in Figure 5. T

straight and are-connected-'to flanged steel  bul khead
penetrations. (No attenpt is made to run fiberglass
pi ping through tine bul khead.) Each run consists of
three | engthS of pipe with facto&y-f|tted Pront o- Lock
end fittings, and. two flange-by-Pronto-Lock adaptors.
The steel penetration sleeve

thr%ugh,the forward
bul khead is left loose. After t

sections are made up, the bul

I's positioned, bolted to the
wel ded to the bul khead.

The technique of |eaving a bul khead penetration

sl eeve | oose avoi ds congletely the need for field
measurement and shop fabrication of fiberglass piping.
If the s|leeve were not left |oose, the deSign woul d
have to include a short flanged make-up piece, perhaps
3'long. This would be made i'n the shop by adhesive
bonding to the exact dinension lifted fromthe ship.

The flange-by-Pronto-Lock adaptors at the bul khead
Qenetrat|ons provi de an added degree of flexibility.
his feature Is intended to avoid the possibility of
stress concentration in rigid fiberglass flanges due
to working of the ship.

e five fiberglass

‘
khead penetration sleeve
flange adaptor, and

If it becomes.necessary to disassemble the ﬁipin? to
replace an Oring in a Pronto-Lock joint, the foll ow ng
met hod may be used:

a. Break the flange at one. bul khead penetration.
b. Loosen the hangers |n,the,ad{acent pipe length
c. Unscrew the [oCking ring in the adaptor.

d. Lift end of pipe to clear bul khead penetration

sl eeve, and renove adaptor.

This will provide the cIearance_necessarY to dis-
assenbl e any other Pronto-Lock joint in the piping run.

Bul khead Penetrations. A typical-_bulkhead penetration

Tor palTast |pTﬁF'T§ shown in; Figure 6. :This con-
e

sists of a short length of pipe-wrth-a-stip-on flange

10



7.1.7

7.1.9

7.2
7.2.1

wel ded at each end. The mating fiberglass connection
IS a two-piece Van_Stone flange, with either steel or
fiberglass ring. The fiberglass stub end is atfached...
to the fiberglass pipe by adhesive bonding. :Figure 7
shows a simTar penetration used as an anchor &t -the ~--'
end of a suction |line adjacent to a suction bell-mouth
Note the added stiffening.

Pi pe Supports. The standard U-bolt and flat support
connDnIK used with steel piping are not adequate for
use with fiberglass pkplng. “Ah arc of bottom support
of 120° is needed, and the circunference qf, the pipe
nust be protected from abrasion. ' Figure 8shows a
split-ring hanger that satisfies these needs. The
hanger is lined with rubber and the |ower half is

wel ded to an angle attached to the ship structure. The
hal ves are bolted together with sufficient shim stock
to provide |/32" dianetral clearance

+ Figure 9 i1 1ustrates an alternate design which is an
--adaptat-ten of the famliar U Dbolt arrangement. A

curved steel wear plate is bonded to the bottom of

t he flberqjass_p|pe to carry the load and permt
sliding. The pipe is held down by a rubber-lined strep
termnating in threaded studs._ Nuts are adjusted to
set the dianmetral clearance. This design i's considered
to be less desirable than that described in ParaPraph
7.1.7, since it affords a lesser degree of latera
restraint of the fiberglass pipe.

Suction bellnmuths. Each ballast suction line term -
nates 1n a suctron bellmouth |ocated near the center

of the ship. In sone tanks, this positioning results
in a horizontal offset.from bulkhead penetrafion to
the suction point. Figures 10 and 11:show the arrange-
ment of bellmouths, "one diTéct and-the ot her offset.
The bel lmouth is conpected to an el bow by neans of a
Van Stone flange. This fIanPe provi des a_ready_means
for attaching an anchor as illustrated in_ Figure 12.:
Alternatively, the el bow and bel |l mputh coul d be pro-
cured as one fabricated assenbly, in which case another
means of anchoring woul d have td be devised.

| n- Tank Pi pi ng

The st eel car?o suction piping shown in;Figure 2 runs
along the bottom of the cargo oil tanks and Consists
of 307, 18", and 8"'piping. ~ Mny Dresser couplings
are used in the mains and In the branches and, there-
fore, relatively little field welding needs to be done.

Al



7.2.2

7.2.3

7.2.4

7.2.5

71.2.6

Most of the pipe welds are nmade in the shop. Assenbly
on the ship 1s facilitated by the snpoth and f|at
working area presented by thé inner bottom surface.
Piping is welded where it passes through a bul khead
and at other anchor points as indicated.

The fiberglass replacenent_,of_this pieing IS shown,
inplan view in:Figure 13. ' The layout.i5.very simlar
to the steel piprng-arrangenment in: Figure 2. The

30" mains .are-assenbled .i.n_the sane-trarner-as'des-
cribed in!Paragraph 7.1.2 for the ballast |ines. The
not abl e difference, -other-than larger size, is that
the mains contain crosses and tees for branch |ine
connections. Al'so, in Tanks No. 4 only, there are tee
connections for drop |ines.

The inboard 30" main has a flange-by-Pronto-Lock
adaptor at each end. Assenbly starts at the aft end
with the flanged connection to the bul khead penetration.
The 30" x 18" 4-way Pronto-Lock cross is then set in
pl ace and nade up to the adaptor. The first |ength of
pipe to be installed is Pronto-Lock-by-flange so"as to
malntain ri |d|t¥ with the 30" x 24" "tee that follows
£P033|bly, his 30" pipe mght be furnished with a

4" stub’pre-fabricated at fhe factory in order to
avoid the flanged joint.) After settln%_the tee,
three Pronto-Lock joints are made up. The penetration
sleeve in the forward bul khead is then positioned,
bolted to the adaptor, and welded to the bul khead.

The outboard 30" main has a flange-by-Pronto-Lock
adaptor at the forward bul khead only.” The tee for
the branch |ine is close to the after bul khead, and
Is bolted directly to the bul khead penetration. The

F§Q§E§Oﬂ the main is assenbled as described in Paragraph

i 1

Wth the mains in place, the longitudinal bulkheads
are targeted fromthe cross and the branches, and
installation of the transverse PIPIng may proceed.
The procedure is simlar to that for the 30" piping.
Joints are Pronto-Lock and flanged. Each 18" branch

.line_bas_.an 8" stub pre-fabricated at the factory.
:r!gure 14 shows anot her view of the branch suction
“frnes.--oo-

Pi pe Supports. EFigure 15 éhows_a split-ri
U§%O'T6%QTH€‘BOE-ptFe;-and'|s simlar tot
split ring hanger de

12



| ower half is welded to shiP structure as shown, and
shimstock is used between the two halves for pipe
clearance. Unlike the smaller size, the 30" hanger
uses a rigid liner bonded to the pipe.

7.2.7 « Figure 16 ﬂllustrates an alternate type_of_ support.  ___.
“-correspondi ng to that described |anara%ra? 7.1.8 |
for 10" pipe.” Here too, it is not preferred to-the -

split ring hanger for the same reason cited

7.2.8 Valve SupPorts. Wile the steel piping is strong
enougn to supPort the 18" and 8" cargo val ves, ex-
ternal supports to ship structure nuSt be provided
for valves in a flber%lass pi ping system In this
.application sinple flat plate suRports_depjcted in
‘Figure 17 will suffice because the pipingis lowin
the tdank.” ~The supports are bolted to the flanged
joint as shown,

7.3 Drop Line Piping

7.3.1 As explained in:Appendix F, cargo is |oaded through
the cargo drop Ines; which-conpect the deck mains
to the Ssuction mains. The physical arrangement is
such that each of the two 24" cargo drop lines lies
conPIeter in a S|ngle transverse plane, connecting
a flange 1n the deck nmain.to a flange in the cargo

suction main. :Figuré 18 shows the Fower ends of
these piping runs:---Fhe-Fines continue through sec-
tions of vertical piping |eading to the deck pene-
tration overhead, shown™in/Figure 19. .

7.3.2 AsseanK begi ns-at-the-30" x 24" tees in the suctjon
mai ns shown'in Figure 13.; The outboard 24" branch
connection.is “a-Pronto-tock for flexihility. The
I nboard 24 branch is a flange connection. “Two Pronto-
-eek-by-fIl-ange 30° el bows aré arranged as shown in
‘Figure 18 to offset one transverse line, allowing it

-to-cross-over the 30" main.

7.3.3 Flanged 90° elbows turn the Pipe, and flange- by- Pronto-
Lock adaptors formthe base tor the vertical |engths
of Pronto-Lock piping rising the height of the cargo
tank. The drop line Tn thetank is finished by
positioning the deck penetration sleeve, bolting it
to a flange-by-Pronto-Lock adapteor---and-wel-ding the

sl eeve to"the  deck, as shown in:Figure 19. :

13



7.3.4 The remmining-section of the drop |ine Piping i1 us-
trated inFigure 19 is fitted and installed on deck

and is discussed im Paragrapti7-4.9.7"
7.3.5 Supports. The straight vertical runs of drop line
prping are suRporte at the base by a built-up
wel dnent attac |n% to a flange as shown in Figure 20.
. Split-ring hangers fof each length of “pipe,
-with stand-offs fromthe bul khead, are not shown.
:Fl%ure 21 shows the method of anchoring the two 30°
-elbows-descri bed inParagraph 7.3.2. .

7.4 Deck Piping

7.4.1 The_steel _cargo discharge piping on deck is high-lighted
iniFigures 3 and 4, which are portions of the deck
pi pi-ng-conpestte-drawi ngs. There are two straight
runs of 24" pipe extending fromthe punproom accCess
trunk (left end of Figure 3) to the 24" transverse
l'ines tern1nat|n%]at the port and starboard mdship
| oadi ng and di scharge stations. Each 24" line is
divided into two 16 val ved branches.. The entire
at hwar t shi ps assenbly, consjsting of termnal valves,
mani fol ds, and transverse pipe wth 24" center stub,
I's shop fabricated and shipped to the ways as a unit.

7.4.2 There are three fore-and-aft points in each deck main
that are fixed by virtue of the system design and the
consequent constraints in the asseanY Procedure.
These are: the bul khead Renetratlon at the house
front, the location of the branches to the drop |ines,
and the connection to the transverse [ines an1dsh|ﬂs.
Wth steel piping, excess material is allowed at the
Dresser coupling. The pipe is trimmed on deck before
making up the coupling. Wth fiberglass, it will be
necesSary to trimexcéss at a flange connection. An
adhesi ve bond joint would be then nmade in the field.

7.4.3 © Figures 22 pnd 23 show the general layout of the fiber-
“-glass-replacerrent-of the deck piping. Assenbly nmay
Start at either the aft end or forward end, or”at
both ends simultaneously.

7.4.4  Manifol d assenbl » Ergctjon oftﬁhfhtrapsversetpiping
and mani 10l d asse egi ns e ,placenent .
the 24" tee an 45@1 bovsJ det Z\il\ln| ed In ;IQ—l gure 24.q; The

connections are Pronto-Lock on the rums-and fi-ange on
the branch. El bow ends are both Flanged. (Possibly,

14



flange joint could be elimnpated and a single

ell-tee piece could be pre-fabricated at the factory.)

The fittings are anchored as illustrated.

7.4.5 Having set two tees in place, the manifold assenbly
Is conpleted by installing four 24" lines running
out board, each termnating-in.twp 16" flanged. con-
nections for valves. Figure 25 shows the design to
acconplish this. It consists-of-'a length of 24
pipe wth a 16" pre-fabricated branch, a 16" flanged
el bow, a 16" flanged spool piece, and a 24" x 16" "
flanged reducer. ~The reason for the many flanges is
to allow fitting up to manifold valves installed in
advance. Figure 26 illustrates an alternate nani-
fold with alesser capacity for field adjustmeni_of
the piping. Pipe supports’are shown in:Figure 27. "
Hanger arrangements for the 16" val ves are mot -shovin,
S|nfe they are the same as for the steel piping
system

o D

7.4.6 There appears to be, however, a nuch better solution
for the manifold assenbly design not illustrated
herein. Each assenbly fromthe 24" tee to the two
16" branches mght be supplied as a single pre-
fabricated part from the vendor's factory. This
woul d be installed with a single 24" Pronto-Lock
connection at the tee. This arrangement would avoid
field f[t;uP as well as the need to make adhesive
bonded joints and flange connections. The four 16"
val ves, ~port and starboard, would then be assenbl ed
and their supports welded to the to the ship. A
further development of this idea would be to suppjy the
entire transverse assembly as a pre-fabricated unif.
This would include four 16" flanged branches, a 24"
|ine connecting them with a 24" stub having a 45°
bend and a flanged connection taken fromthé center.
There mght be some limtations in shipping, since
this pre-fabricated assenbly would be about 65 long.

7.4.7 Deck Miins. The 24" mains running from the house front
,T0-The Transver-se-piping are installed as shown in
'Figures 22 iand:23. Starting fromthe aft end, each
-marmconsists, ef-4 f|ange-by-Pronto-Lock adaptor, a

straight section with Pronto-Lock ends, a Pronto-Lock
section with an 8" stub, another straight Pronto-Lock
section, a Pronto-Lock-by-flange section, a 24" valve,
and a flanged section with a 24" flanged stub. The

foremost pipe Ien%th must be set so that the 24" stub
isinline wth the 24" deck penetration for the drop

15



line. The forward end is then cut to fit, a flange
i s attached by adhesive bonding, and the flange 13
bolted to the 45°el bow.

7.4.8 The 24" valve is bolted to

the pipe flan%e an the
val ve support is welded to the deck.
u
th

et al
the val ve. support.is not shomn t is simlar to
that in Figure 28. 'Assembly of the main may proceed
from the-fiouse-front in the forward direction. The
Pront o- Lock- by-flange section s used as a make-up
?lece Required length is measured in the field. A

Iange Is attached to the % pe by adhesive bonding
and bolted to 24" valve. hi's conpletes the assenbly
of the fore-and-aft mains.

7.4.9 Diop Line Connections.: Figure 19 s oms t he congectlon
fromine 2I"§Tﬁ%‘Tﬁ'eaeh I-A- to— correspon
24” deck penetration. The fit-up nu t t ake accoun
of variation in athwartships spaC|ng bet ween t hese
fittings, together with the varying Ien th of the
penetratlon Sl eeve protrudln? a ove ec% after cI03|ng
- he"drop | ine piping inside e t ank Par agra
7 g ‘The connectlon |s mde wth a speC|aI fIanged
-45e|bw w th one |on e? a gate valve, a standard
fl anged 90" el bow, an ange on the steel deck
sl eeve. The deck sleeve Is scribed for correct height
and a slip-on flange is welded on the end. The [on
leg of the fiberglass 45° erow i's scribed for correct
length. A flange |s attached adhesi ve banding and
bol ted tolhg_ZAL___ya ve. The va ve support is as

shown iniFigure 28.: This conpletes the drop line
connect i om-----------

7.4.10 Fueling-At-Sea Branches . The 8" piping for fueling
at_sea snown rn:Frgure 22 is.depicted in greater de-
tail in the section vremrof 'Figure 29. :This_consists
of 8" sections of pipe, 30°elHows; and Van Stone flanges.
Each of the port and starboard lines includes one gate
valve and termnates with a blind flange at anothef
val ve out board. Slnce preci se placenent of the valves
I's not required, all of the pIPInP can be pre fabri cated
at the factory, with onlg one tield joint to be made
at the nmain. b _adhes;j ve bondi ng. Plpe supports are
shown in: Flgure 27. + Valve supﬁorts are not shown, but
.\ét-LL hezgl mTa'r"l'r't'deS| gn to those illustrated in
'Figure !
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8.1

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1.6

VETHOD OF COST COVPARI SON
Appr oach

The estimate of comparative costs is determned by
making a material take-off of line items conprising
each systemto t, -ex-en§rdekgng {-ed LA t he seIFctep
control areas. (966 Section b5.2.) | The SourEe For “the
steel system material take-off | S Nassco' s Phﬁ%”?'
Depart mént spool sheets. Fiberglass system nateri al
was--determned from-the arrangenents and details shown
In:Figures 5:t0:29. .

Each line itemis priced for labor and material. The
items and their costs are grouped into discrete pack-
ages, which are recognizable Portions of the piping
systens. These.packages and their associated costS
aretllsted in:Table 1 for both steel and fiberglass
syst ens. e '

Mat eri al %osts f?r tre %teelhsysten1mere t aken at
Nasoc0. o DWing, | gvel LA ough, qugtati onsaff gh el
CﬁBa-Geigy. Al prices are f.o.b. Nassco yard.

Piping labor pricing for steel has two conpon%nt parts:
shoP, abrication and ship installation. [In the case
of Tiberglass plplnqh no |abor cost is added for shop
fabricatron. Assenblies are nade in the vendor's ,
factory,_ and his shop costs are included in the material
8QSt tlFl{Jer?Ihasshplplng asFFnblles a{ebtransHPrted
irec o the ship, and a i ping, | abor costs are
for. shyp installatign, ngBVEP,pbogh steel and fiber-
glass systems contain shop and ship costs for steel
support ~ assenbl i es.

Material handling cost is a percentage of dire&; | abor,
and is included 1n the cost of direct |abor. | berglass
piping 10" and below w || be handl ed nmanual |y. Forklift
trucks and slings will be used for larger sizes. Be-
cause of the lighter weight of fiberglaSs piping,

handlinP costs are reduced by nore than 50% as conpared
to steefl.

M scel | aneous material and |abor pricing is included

for nuts, bolts, gaskets, and welding rod as applicable
for steel and fiberglass systens. The flber?Iass system
m scel | aneous | abor 1ncludes 24 hours per valve in tanks
and 8 hours Per valve on de?k due to added |nFt | | ation
and handlln%-on ship. The fiberglass system [abor also

i ncludes a 30% contingency on the piping |abor for un-
known assenbly problens.
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TABLE 1

COVPARATI VE COSTS OF STEEL AND FI BERGLASS SYSTEMS

(&S o Vay 1976)

SYEEL SYSTEM

FIBERGLASS  SYSTEM

svsven | ackace DESCRIPTION v ST} £ M LE R T TS SweonTs s [0
MATL § fuaoon §] saTe $luapor §IMet M GATL STLABoRSMATL SILABORBTM G L TH{

?rgltl‘)::.’ A 10" PORT BALLAST LINE 2006 | 4509 | 24 459 33 6133 || 1527 | 1250 ] 65 569" | 636 40
e 8 10° PORT BALLAST LINE 218 | a430 | 3 459 | 2 04 || 1527 | 1250 | €5 |56 [ 638 o
c. 10" PORT BALULAST LINE 2188 agzs | M | 459 20 6637 || 1527 | ipso | 65 563 | 636 40

0 10" STBD BALLAST LINE 2006 | 4204 | 34 459 33 e133 |l 1527 | j2s0 | 63 569 638 40

8" TANK SUCTION 330 19 |9 30 6 s59 || 457 376 as 134 1] "

SUDTOTAL 5545 | ids4i | i3S i858 | ise E77o0f) S5 fsas favs  jedss jajes T

W 2."' A 30% PORT C.0. MAIN /4 TKS 5679 | 7949 | 298 5361 | 53 (8539)] 8043 [ 3387 | 309 1344 | o6s 14
Hems ] (8 & 8" CO/STRIP PORY SUCTJ 1587 | 1958 | tos | esy | =5 4389 If 1098 | 1304 |42 323 1253 |49
¢ 18% & 8% CO/STRIP STEO SuCT. | 1838 | 2568 | 108 667 | 53 ges2 |f 2229 f3es |7 470 1282 | 54

0 30" STBD €O SUCTION MAIN 5679 | 7332 | 293 1568 | 5% 149401 7246 | 2299 | 309 1344 | o8 2

€ i87 §é CTR €O 7K suCTioN | 2002 | ze3z | iii | 87i |55 8375 h 2585 piiss 55 403 fge29 |54

r 24" AFT DROP LINE 4192 | 57143 | 924 1492 | 53 12396t 7255 Jerrz an 1330 Jiose |12

e 24" FwD DROP LINE 2780 | 3299 | o0 as Jas 6524 |13se? 492 Jia2 658 [esz  f65

. SUBTOTAL 24357 | aoa1s | 1338 | 10982 | 388 60017]] 32942 | 13833 | 1240 5073 Fyaas ]t
e oy 24" €.0, HANIFOLDS psse | 10020 [ 932 [ es20 J o | eaoscl] 13918 Jacos Jero  |ases [iree |22
° 24* €0, MAINS ON DECK 20629 [ 21617 | 2029 | egss | 220 59461} 22344 6455 f229i |e535 o330 |di

¢ 24% DROP LINES 2ane | 2 o e L 2627 || 1290 Jiee a3 e |se |20

o 0P, &3, F.AS, LINES 627 |rooy |a 628 |33 a2 [j 1442 a3 20 188 J3u4 j23

SUBTOTAL S2i4a | 20802 Joagus | 2042 pase ara2s)l 3300t foons  B2658 12688 Jasss e

GRAND TOTALS 65151 | 07799 | 4393 | 24960 |74 183174 10508 ] 29199 J4zo0 | R0938 | 4822 |14

NOTE: Differences shown in parentheses ( ) indicate higher cost for steel systf



8.1.7

8.2
8.2.1

Thefollowing additional notes pertain to the esti-
mating approach

a. No attenpt is made in the cost estimate to re-
duce the nunber of fiberglass flanges and ot her
fittings beyond those included in the arrange-
ment and defail drawings. It is evident, how
ever, that such reduction can be made, which will
further reduce the cost of the fiberglass system

b. The cost of a portable power taper tool for
fiberglass adhesive bonded joints is not included.
This I's a one-tine cost and is expected to be in
the order of $5000. This would be spread over
the entire fiberglass system rather than [imted
to the control areas |isted.

C. Steel plates and shapes used for anchors, supports,
and hangers are mld steel

d. Mterial and |abor cost for painting the outside
of the steel cargo piping is not included.

e. Plpln% quantities used in the steel material costs
include 5% to 8% all owance for waste. Except for
the smal| excess length margin for the few bonded
field fit-up joints, no general waste allowance

s made for fiberglass, "'nasnuch as the piping
spool s are received ready for assenbly.

f. Initial costs for fanmiliarization with fiberglass
assenbly practices are not included.

Cost Conpari son

Bal | ast P|%|ng. The bal | ast system shows a 37% cost
saving 1n tLbergl.ass. Examination of the pipin
colums in:Table-1 reveals a significant reduction

in piping material--cost and an even greater reduction

in piping labor cost for packages A B, C, and D.

Note: This saving may be m sleading. The
fiberglass systemwas not a direct replace-
ment for the steel piping as originally de-
signed. The steel piping has expansion bends,
whi'le the fiberglass piping was set in straight
runs. A nore appropriate conparison would be
with straight_sieel_piping.cantaining Dresser
couplings. " See Paragraph 8.2.4d.



The 8" suction bellnouth assenbly, Package E, costs
n?relthan twice as much in fiberglass conpared to
steel .

8.2.2 Carﬁo | n-Tank Piping. The cargo in-tank piping shows
a 10%m cost saving In fiberglass. [Inspection of Table
1 shows the follow ng

a. Fiberglass piping mterial costs are higher for
al | packages.

b. Fiberglass piping |abor costs are |ower for all
packages.

c. Conparative material and |abor costs for supports
vary considerably anong the seven packages. The
total result is a small material saV|n? and a
| arge labor saving for supports with The fiber-
gl aSs system

d. Total mscellaneous material and |abor costs for
fiberglass are about 20 times the costs for steel.
This i's largely due.to_t_h_Q_SQ%p_l}Egl_r_l%_llabor con-
tingency mentioned in;Paragraph 8.1.b "

e. The largest overall fiberglass savings, both in
dol lars-and in percentage are realized in the

" mains, packages A and D. The percentages are
24% and 19% respectively, and are occasioned by
the considerable differences in piping |abor as
conpared to steel

8.2.3 Cargo Deck Piping. The cargo deck pipin? shows a 21%
cost saving rn t1berglass. Wile flberP ass material
costs are Still higher than steel, the [abor savings
more than offsets this increase. The conplex design
of the fiberglass manifolds, Package A is reflected

in a cost which is 2% greater thansteel

8.2.4 Querall. The overall saving of 19% appearing in the
Lorfr right colum will have to be tenpered as
ol | ows:

a. For the reason presented in: Paragraph 8.2.1,:the
37% saving in fiberglass should-be-Temved fTom
the total S and considered separately because of
the appl es-to-oranges conparison* of fiberglass
and steel ballast "systems (See sub- araPraph d
below.) Subtracting the ballast sub-totals, tota

*Strargnt Trberyl ass piping was compared with bent steel piping.
20



costs for steel and fiberglass becone $155, 443

and $130, 129, respectively, representing a
fiberglass saving of about” 16%

To consider the overall savings for fiberglass
repl acenment of the entire cargo systen1 excl usive
of the punproom fiveTmore sefs of cargo tanks
nust be added. However, these are added at a
savings rate greater than |0% each, since they
wi Il not be burdened by the nore expensive cargo
droE lines, packages F and G Removing these

pac ?ge?, thf su?to%alsdfor | n-tank p{plng for

a Set or port, starboard, and center tanks_i

st eel andpflberglass becane g4§ 168 ang §3216%3,
respectlvely, representing a fi bergl ass saving

of about 14%  Not h?V|n the 24" tee conpections
inthe 30" mains would flrther increase the savings
in fiberglass.

Consi dering the above, an approximation, of the.
savings in total cost for £RR cargo system pi ping
in fiberglass is about.15% exclusive of punp-

room pi pi'ng

The bal | ast system iping saving woul d be nore
than 15% but |ess than 37%in an appl es-to-
aPpIes conparison.  Because,t he d?3|%n CoNSi st s
of straight piping runs with |rttle Conplexity
in design, a conservative estimte of fiberglass
savings is about 20%
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9.1
9.1.1

9.1.2

9.1.3

9.2

9.2.1

9.2.2

10

10.1
10.1.1

10.1.2

PART 11 - RESULTS AND ANALYSI S

RELATI VE COSTS
Car go Pi pi ng

The overal| cost savings for a fiberglass systemre-
placement for all of the cargo oil system piping, ex-
clusive of punmproom piping, i's about 15%

The savings percentage will increase if the fiberglass
repl acement design isS refined to reduce the nunber of
flanges and fittings, relying on a higher proportion of
prefabrication in the vendor™s factory.

ggg savi ngs perc?ntage mﬁl#.anr?ase further Lf thed
. contingency factor on fiberglass syst | pyar
|ns%alpatpgn Igbor,}s el ther reduce o¥ efphfnang
astthelshlpyard gains experience with this piping
material .

Bal | ast Pi pi ng

The overal | cost savings for a fiberglass systemre-
pl acement for the ballast sgstenl excl usive of the
punproom pi ping, is about 20%

|f, concurrent with the substitution of fiberglass

for steel, there is an opportunity to redesign the
steel systemelimnating piping bends, greater savings
up totBI%”nay be realized through additional savings
in material.

Advant ages OF Fl BERGLASS -

Design

Due to the non corrosive nature of fiberglass rein-
forced epoxy, systems subject to corrosion can be
designed for longer life, probably the life of the

ship .

Fi berglass reinforced epox¥ pi ping has lower frictiona
resistance to fluid flow than netallic piping. Since
there is no rust build-up, as can occur in ferrous

pi ping, the flow factor stays constant.
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10.1.3

10.
10.

10.

10. 2.

10. 2.

11

11.
11. 1.

11. 1.

11. 1.

11.
11.

11. 2.

Due to the lower nodulus of elasticity of fiber-
gl ass reinforced epox¥, a lower piping stress will
result froma given strain, such as working of the

shi p.
Construction

Li ght weight of fiberglass piping sinplifies handling
during construction.

Non- corrosiveness of material permts open air
st owage.

Prpn%o-Lock joining systemallows rapid assembly of
joints.

Pipin? can be pre-fabricated at factory, elimnating
shop Tabrication at shipyard.

DI SADVANTAGES OF FI BERGLASS

Desi gn

Since piping cannot be bent, small bends and offsets
desired tor plpln% | ayout woul d have to be *“designed
?roynd”, or made by hand lay-up in the vendor's

actory.

Since heavy valves cannot be supported by the adjacent
fiberglass piping as is the case with steel, there

Is Iess freedomin placenent of valves. due to the
special supports that nust be built.

Split-ring pipe hanger design for fiberglass piping
Is more conplex than for steel, since sinmple con
ventional U bolt hangers cannot be used.

Construction

Installation of pipe anchors in a fiberglass systemis
usual |y more difficult. Positive attachment j§ nmde
at fiberglass piping flanges, while steel piping has
anchor points welded to pipe.

Some degree of pipe protection will be required
during construction.
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11.2.3

12
12.1

12.2

12.3

12.4

12.5

13
13.1

If a joint leak occurs during hydrostatic testing it
will be nore difficult, depending on the joint |o-
cation, to effect a repair., _If an Oring nust be
replaced, its Pronto-Lock joint wll havé to be dis-

assenbl ed.
UNRESOLVED DESI GN PROBLENS

Certain mechanical proPertles of fiberglass reinforced
e?oxy pleng were not taken into account in this
study. These are inpact resistance, fire resistance
and resistance to shock and vibration. Hhrlnﬁ SEE-
vice requirements are beln% defined in the J.J. nry

project mentioned in the foreword of this report.
Testing and evaluation will be conducted in con-
junction with an overall programto obtain genera
approval of the U S. Coast Guard.

Resi stance to erosion and cavitation, such as nay
occur at high fluid velocities; was not considereéd.
This, too, i's included in the J.J. Henry Co. project.

Stress concentration in rigid pipe flanges at bul k-
head and deck penetrations were not investigated.
The probl em was avoi ded by adding a Pronto-Lock
joint close to the flange

The possibility of anchoring fiberglass piping by
adhesive bonding to the outer surface was not ex-
plored thoroughly. Pipe anchors were built-up by
steel nenbers to the pipe flanges.

A second-time-around design review to reduce flanged
50|nts and maxi m ze vendor pre-fabrication was not
one.

CONCLUSI ONS

Significant cost savings can be realized by the ship-
bui'l der by substituting fiberglass reinforced epoxy
piping in place of carbon steel. Substitution is
contingent on:

a. General approval by the U S Coast Guard of
piping material and {0|nt design.* |n the nean-
tine, special request for approval may be nade
for a particular application

FUS CG approval for fiberglass piping systenms is presently
8rant ed on'a case basis. A current _exanple is the Chevron
ouble hull tankers being built at FMC
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13.2

13.3

b. Availability of piping materials in sizes re-
quired.

c. Acceptance by the shipowner of such substitution
Greater savings can be realized through inproved
design methods resulting in a greater degree of
factory pre-fabrication.
A shipyard nay go into the business of fiberglass

a

iping installation without the need for capital out-
ay or acquiring specially skilled craftsnen.
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APPENDI X A
DRESSER COUPLI NG

The Dresser coupling is a comon fitting in tanker steel
piping systems. \Vhile it is used primarily to join two pipes
together, it has the capacity for a limted anount of expansion

and can accommodate a small anmount of angular displacenent or

of.a pair of resilient gaskets contained between two steel
followers and a steel mddle ring. The assenbly is held together
by a series of long bolts. The gasket is held on the outside

of the pipe by friction, and is constrained within the gasket

recess of the follower.

The action of the Dresser coupling is very sinple. Relative
axial novement between the two installed pipes causes distortion
of the gaskets within the design [imt of the coupling. presser
couplings operating in this mode can absorb a certain anount of
axial, novenment wthout experiencing slip between pipe and gasket.

The installation shown iniFigure A-1:is the normal set-up
when there is no relative axidr-ﬁﬁQéhgﬁf-bf the pipe. Wen the
pi ping systemis subjected to thermal expansion or “working"
of the ship, a small amount of slippage may occur within the

coupling. In order to insure against cumulative creep, the US
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coast Quard requires some provision to avoid the possibility

of the coupling eventually working off one end of the joint.
A satisfactory method is to install a sinple centering pin as

illustrated in:Figure A-2.: This is effective only if the lo-
cations of pipe anchors and supports are such that the pipe
ends are restrained fromexcessive novement which may result

in blowout of the coupling.

Wiere sufficient pipe restraint against blowout is not
provi ded, an external harness may be arranged in such a manner

that separation of the pipe ends within the coupling is limted
to a pre-deternined anount. A nunber of schemes may be devised

for this purpose, but it appears that none woul d. be nore pro-
ductive than the centering pin nentioned above used in con-

junction with proper anchors and supports.

Unli ke packed sliding joints, Dresser couplings will not
wear if the l[ocations of anchors and supports limt relative
movenent of the pipe ends to the design limt of the gaskets.
Therefore, regular tightening should not be necessary.

Cccasi onal weeping can be stopped by tightening the coupling
bolts. If larger |eaks develop in the joint for any reason,
the gaskets should be renewed.

Dresser couplings are used where a leak in one system

woul d not contaminate mother. For this reason, they are
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installed in deck piping where |eaks would be conspicuous. They
are used also in cargo |ines running through cargo tanks, and
bal last lines through ballast tanks. In single-bottom tankers,
where ballast |ines pass through cargo tanks, either expansion
bends or bellows-type expansion joints nust be used.

The capacity for total axial novement in a Dresser coupling
is 3/8" for pipe sizes 10" and above

An inherent design advantage of the Dresser coupling is
that the mddle ring can slide conpletely over one end of the
pipe, facilitating field fit-up and disassenbly. Potential
application of this advantage to the fiberglass systems was
not explored. [Investigation nust include availability of coupling
diameter sizes to match the fiberglass piping outer dianeter,
and the compatibility of the gaskets with the surface finish of
the fiberglass pipe.
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APPENDI X B
FI BERGLASS REI NFORCED Pl PI NG

Fi berglass reinforced epoxy piping is a composite materia
that is engineered to combine the high strength-to-weight ratio
of fiberglass filaments and the excellent corrosion resistance
of epoxy resin. The strength of the conposite is dependent on
the amunt of reinforcement and its orientation relative to the
direction of principal stress.

In the pipe manufacturing process, continuous fiberglass
filaments are inpregnated with epoxy resin and then wound on a
cylindrical mandrel. The reinforcenent is oriented to provide
twice the strength in the hoop direction as in the axial direction.
This coincides with the stress distribution under interna
pressure.

Ciba-Geigy pipe obtains this strength pattern by alternately
appl ying two hoop |ayers and one axial layer of reinforcenment.
This results in a product having an ultimte strength about the
same as standard steel, approximtely one-tenth of the nodul us
of elasticity of standard steel, and about one-tenth of the weight
of Schedul e 40 steel pipe.

O her manufacturers elect to achieve the 2:1 hoop/axia
strength ratio by a single winding angle for the fiberglass
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filament. The necessary angle is calculated to be 55°to the

pattern results in a product with lower tensile strength (about
1:3), lower nmodulus of elasticity (about 1:2),and higher co-
efficient of thermal expansion (about 2:1) as conpared with
dual angle winding. Conparative values of certain properties

of fiberglass reinforced epoxy and steel are listed in Table

The U.S. standard covering fiberglass reinforced epoxy
pipe is ASTM D2310 “Standard O assification for Mchine- Made
Rei nforced Thernmoset Resin Pipe”. This standard describes the
materials used in construction of pipe, the manufacturing nethod
used in producing the pipe, the internal |iner system(if any),

and the long-termhydrostatic design basis (hoop stress) val ue.
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TABLE B-1
COVPARATI VE PROPERTI ES OF STEEL AND FRP

| . St eel FRP
Densi ty (I'b/in) 0.281 0.065
Coeff. of expansion (107in/in/°F) 6.07 69 to 9.7
Hazen-WIlians flow factor *120 150

single dual
angl e angl e

Tensile strength (psi) GR A 48,000 10,000 30,000 (axial)
CGR B 60,000 40,000 70,000 hoop)

Modul us of elasticity(106psi) 27.9 1.4 3.0 axial)
. 2.7 4.6 (hoop)

*H-W flow factor for new steel pive is 120.
Val ue drops to about 100 after-ifiternal scale build-up

[T

Single Angle Dual Angle

Figure B-1 - Filament Wnding patterns
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APPENDI X C
FI BERGLASS ADHESI VE BONDED JOI NT

Epoxy resin is one of the best industrial adhesives known
t oday. Wen used to join two surfaces made of epoxy resin
t hensel ves, the resultant joint is excellent. Required con-
ditions are that the matrix surfaces nust not be contam nated
by grease, dirt, or noisture, and that the resultant bond-|ine nust
be kept very thin, usually under 0.005" in thickness.

The best results have been obtained with matching tapered
bonding surfaces, since this design is self-centering. Mre
inportantly, the joint assures a mniml bond-1ine thickness.
The taper angle is 1-3/4° |f straight non-tapered surfaces

are used, tolerances become very critical

The strength of a bonded epoxy joint is In shear, i.e. in
axial tension or conpression of the pipe, even conbined with
torsion of the pipe. The joint is considerably weaker under a
“peeling” load, where external. forces act to pull the two sur-
faces apart, rather than causing one to slide over the other.
Pipe joints exploit the strength advantage, since forces on the
joint result in shear loading only. See Figure 6 for an illus-
tration of an adhesive bonded joint.

Tapering of the pipe can be done on location with the aid



of a portable tapering tool. This tool is pre-set and indexed
for tapering to the correct angle and the required length. Al so,
pi ping can be procured fromthe supplier with one or both ends

t apered.

Joining is performed by applying epoxy adhesive to both
matrix surfaces and then forcing the surfaces together. The
adhesive is usually furnished in pre-neasured kit form The
joint cures in a specified tine, which varies with anbient tem
perature. Curing tinme is between 1-1/2 and 8 hours. Heat assi st
devices can shorten this to 1 hour or less. However, heat assist
must be used bel ow 60°F, since the adhesive will not cure by

itself below this tenperature.

Adhesive joints are used generally in pipe sizes of 6“ or
less. In larger sizes alignnent is nore difficult. Also, in
| arger sizes, holding the two ends together against a hydraulic
force created by the liquid adhesive requires nore effort than
a usual pipe installing crew can be expected to exert wthout

mechani cal . assistance.  Thus, a nechanical joint such as Pronto-

....................
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APPENDI X D
Cl BA- GEI GY PRONTO-LOCK JO NI NG SYSTEM

Li ke the Dresser coupling described in Appendix A the
Pronto-Lock joining systemis used primarily to join two pipes
together. It functions also as an expansion joint and as an
acconmodation for small angul ar deflections or msalignnment.
The Pronto-Lock joint consists of a female end containing an
Oring, a tapered male end with a bearing rlng and a free-

turning lock ring. These parts are shown |n|F| gure DI ( ).

before assenbly.

+ Eigure D-1(h) :shovvs the joint after insertion, at which

poi nf ‘an effective seal is created. The two ends are j oi ned
in a leak-tight assen‘oly but they Wl be free to separate | f

Pront o-Lock conpl etely made-up, includi ng axial securing of the
joint. The threaded |ock-ring assures that the two ends cannot
pull apart. The lock ring threads into the femle end and seats

against the bearing ring to provide axial restraint.

The Pronto-Lock joint can acconmodate up to 2 degrees
angul ar deflection off the center-line (4°total) during service,
or can be installed with up to the same amount of angular ms-

alignment Fi gure D2( a) 'shovvs the relative positions of mating
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[

shows the same cross-section at the maxi mum 2° defl ected con-
dition. Note that at 0° deflection there is a small angul ar

clearance on both sides of the Oring. At maximm 2° ms-
alignment, this clearance di sappears on one side as the gap is

closed, and it widens on the other side.

Pronto Lock behavi or under axi al nmovement is shown in

________________________

no axi al Ioadlng. Poi nt of contact is inside the joint and
just to the left of the Oring. There is a free annular space
between the bearing ring and the female end. Also, there is
axial clearance at the extrene left between the nale end and

the internal shoulder of the fenmale end. Under tensile |oad,

the two ends can nove, as shown iniFigure D-3(b).: Such nove-

ment is limted to the extent that fﬁé“{féé-gﬁééé-betmeen t he
bearing ring and the lock ring is taken up as the bearing ring
conpresses under load. During this novenent, the Oring Con-
tinues to maintain the leak-tight integrity of the joint. The

joint cannot pull out due to the restraint of the lock ring.

Under conpressive load, the joint slides together until
the male end hits the shoulder inside the female end, as shown

|n Figure D-3().: The total capacity for axial nove is

about 378" Vhiie the neutral (no-1oad) position cannot be

determ ned exactly in an assenbled joint, it has been found

D-2



that the no-load position is generally half-way between the two
extreme positions. It should be noted that the lock ring is
assenbled with only a light torque. There is a mechanical stop
between the lock ring and the external shoul der of fenale end

(not illustrated), and overtorquing will not advance the threads
to conpress the bearing ring. In the unloaded joint, there is

sone clearance on both sides of the bearing ring.

Since there are nechanical stops at both ends of the axia
travel, cunulative creep cannot occur and cause the joint to
separate, as in case of Dresser couplings. Therefore, no specia
external restraints are necessay. Pronto-Lock operates with
standard size Orings. No tightening is necessary after the
joint is put into operation. The joint can be disassenbled if
necessary, and the O-ring can be replaced. However, in order
to open a Pronto-Lock joint, about 10" of axial clearance is
required to separate the two ends.

The female end of the Pronto-Lock joint is fiberglass re-
inforced epoxy and is filament-wound onto a length of pipe in
the factory. The male end is machined and attached in the
factory by adhesive bonding. The male end and the [ock ring
are centrifugally cast chopped fiberglass reinforced epoxy.
The resilient bearing ring is Buna-N. Oring material is
selected to be compatible with systemfluid, e.g., Buns-N for
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cargo oil or ballast. Assenbly of the joint in the field

does not require any special skills.
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APPENDI X E
CLEAN BALLAST SYSTEM

The San Cenente O ass tanker has a segregated bal | ast

_______________

to be carried in six double-bottomtanks. A diagrammatic
arrangement of the in-tank piping is shown, together with a
schematic diagramof the portion of the systemlocated in the
pumproom  The system consists of 10" and 8‘suction lines from
the individual ballast tanks to a valved manifold |ocated in
the punproom Fromthis manifold, the tanks can be filled or

enptied using equi pment and piping in the punproom

The piping in Tank No. 5is taken as typical of the suction
piping The four lines running fore-and-aft through the
tank are anchored at the penetrations through transverse
bul kheads. Provision for expansion must be nmade, and this

bend arrangement used for comparison in this study. Later
versions of the ballast system used Dresser couplings instead
of pipe bends.

A design arrangement feature of the tank piping is that
the suction bellnmouth for each tank is required to be |ocated
near the centerline and at the aft end of that tank
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APPENDI X F
CARGO O L SYSTEM

The San Clenente Cass tanker has a two-group cargo oi
system which allows cargo to be [ oaded and di scharged through

a midship cargo station on deck. :Figure F-1:is a diagram

matic arrangenent of the in-tank piping and the deck pi pi ng.
The rest of the systemis located in the punproomand is

I Ilustrated in{%?ﬁdfé'ETéf7 Cargo is drawn through the in-
tank suction néi%ﬁfk'by'fhé punps in the punproom and dis-
charged through the deck nains to the mdship cargo station.
Cargo is loaded in reverse manner, except that the punproorn
I's bypassed by drop lines fromthe deck mains to the suction

mai ns

The piping in Tanks No. 4 is taken as typical of the
suction piping. Both suction nmains are 30", with 18" branch
lines to each tank (port, starboard, and center). Each tank
has an 8" stripping spud. The 30" main serving the wng tanks
runs fore-and-aft through the center tanks. The main for the
center tanks runs through the starboard wing tanks. The
reason for this arrangenent is to avoid having branch |ines
cross over or under a main, and thus be able to install al
suction piping as low as possible. Figure 2 shows the actual

arrangenent of this piping. Bul khead penetrations are anchor

F-1



points. Dresser couplings are used throughout, and each sec-

tion of piping has an anchor

Deck piping consists of two 24 discharge mains, one for

each group, discharging to port and starboard stations |o-

cated am dships. The actual arrangenent of the cargo piping

drawi ngs of all piping on deck

On deck also are two 8" branches, one from each discharge
main. These are |led outboard to fueling-at-sea stations, a

requirement for national defense. This piping,, which is
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Figure F-1

Cargo 01l System Piping in Tanks
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16 July 1976

1.0 Introduction:

1.1 This general discussion is intended to sketch the fire and
mechani cal performance expected from glass reinforced
plastic pipe of the filament-wound epoxy type. Potential
variations in properties are probably greater for filanent-
wound fiberglass than for any other pipe material. Therefore,
in no case should these general results be applied to a
particular brand of pipe. Further, nost of the tests were
made with only relatively small 2" and 3" diameter pipe and

the fiberglass was conpared only to al um num and copper -
ni ckel

1.2 The tested pipe was nmanufactured by w nding resin-soaked or
prei npregnated filaments or tape on a rotating mandrel at
a helical angle of about 35°. Epoxy resin nade up a little
over 30% by weight, of the pipe wall. dass filanments
formed the remainder. The interior had a chemcally
resistant liner and the exterior was chemcally protected
by a rich resin coating.

1.3 Joints were tapered and adhesive-bonded. The tol erances
mai nt ai ned assured uniform adhesive distribution and a thin
cenent line. The latter makes the strength of the joint
more dependent on the fiberglass than on the relatively
weaker cement.

*witten 1 December 1975 by R F. Heady, R&D Project Minager, Todd
Shipyards Corporation, Seattle Division and based upon_an interchange
of 1nvestigation results with G F. Wlhelm, Project Engineer

Code 2745.8), David Taylor Naval Ship R&D Center, Annapolis, Mryland.
evi sed 16 July 1976.



2.0Navy’'s In-service Experience:

2.1 In 1969, three sections of plastic piping material were
installed for evaluation in the seawater systemin the
hydrofoil H GHPO NT. These sections consisted of fiber-
gl ass and PVC piping and ball valves which were exposed to
conditions of relatively high tenperature and flow rate
constant salt water contact, and throttled flow  After
nearly two years of service, the inner surfaces of the
pi ping and valves were in excellent condition with no
organic growh, scale, or deposits. On the basis of these
results, the entire saltwater systemin H GHPO NT was
constructed of fiberglass piping-during nmajor nodifications
in 1973. After approximately two years crew nenbers
reported very satisfactory service. In 1973, the potable
water systemin the hydrofoil FLAGSTAFF was replaced with
fiberglass and plastic conponents due to extensive corrosion
of the original alumnum alloy system No problens have
been reported to date. The alum numalloy saltwater and
freshwater systems in the hydrofoil PLAINVIEWare currently
being replaced with fiberglass pipe. The first extensive
installation of fiberglass piping in a conbatant ship was
made in the NATO patrol hydrofoil (PHW constructed by The
Boei ng Conmpany. Fiberglass piping is being enployed in the
PHVM s fresh, sea, waste, chilled, bilge, and sewage water
syst ens.

3.0 Fire Test Perfornance:

3.1Under the ASTM E84 fire tunnel test, fiberglass pipe coated
with a fire-retardant intumescent |atex paint achieved a
flame spread rating of about 15. This was less than one-
third the rating for the uncoated pipe. The snoke density
rating for the coated pipe was on the order of 25 conpared
with a rating alnost 20 tines as nuch for the uncoated pipe.
The fuel contribution factor was zero in both coated and
uncoated tests.




3.2

3.3

3.4

3.5

Under the radiant panel surface flammability tests (ASTM
E162), 110° sections of unprotected fiberglass pipe had an
average flanme spread on the order of 80 which was reduced
to 25 or less wth the addition of intumescent paint or

| i ght wei ght ceram ¢ insulation.

Uncoated fiberglass pipe subjected to the National Bureau

of Standards snoke chamber test showed an average nmaxi mum
specific optical density on the order of 290 under flamng
conditions. The addition of intumescent epoxy paint reduced
the optical denisty below 215. This snoke level is bel ow
the limt of 250 specified for plastic foam materials now
used for piping insulation aboard naval surface ships.

Anal ysis of potentially toxic gases generated under flamng
conditions wth unprotected pipe specinens showed no
hazardous concentrations under the personnel exposure limts
established by the Navy's BUMVED Instruction 6270. 3F.

Further work is planned to evaluate the effect of protective
coatings regarding toxic gas generation.

Fi bergl ass pipe was tested agai nst al um num pi pe and copper -
ni ckel pipe over a vat of flam ng hexane which produced
tenperatures exceeding those of the ASTM E119 Standard Fire
Test. Wth flowng water at 100 psi internal pressure,
uncoated fiberglass pipe with nolded fittings and bonded
joints remained functional for nore than one hour. Wth
stagnant water at 150 psi internal pressure, uncoated
fiberglass pipe, nolded fittings and bonded joints remained
functional for the full half-hour fire test and out-perforned
both the alum num pipe with welded joints and the silver-
brazed joints in the copper-nickel system  However, the
wal | thickness of the filanent-wound fiberglass fittings
tested, proved too thin to provide enough thermal insulation
to the bonded joints. In the dry pipe test, both the



al um num and fiberglass piping systens ‘failed wthin about
two mnutes. The alumnumtended to fail catastrophically
while the fiberglass exhibited a nuch safer, gradual node of
failure (the epoxy resin burned away |eaving |ayers of

gl ass-fiber windings). The silver-brazed copper-nickel
systemfailed within about four mnutes. Extremely Ilight-

wei ght protective measures including intunescent paints and
al um ni zed ceramc insulation added fromone to ten mnutes

of protection to the dry fiberglass pipe (see peragraph 4.0,
Fire Insulation).

3.6 An interesting ancillary result was the failure node in the
stagnant water condition of the fiberglass versus al um num
and silver-brazed copper-nickel pipe systens. Al um num
failed catastrophically within nine mnutes-after fire
ignition. Copper-nickel piping showed |eakage from a silver-
brazed joint after 15.5 minutes and physical separation
fromthe coupling at 18 minutes. During the fibergl ass
test many small |eaks occurred as some of the pipe wall
burned out, but the pipe continued to hold pressure through-
out the test. Unlike during the alum num and copper-ni ckel
tests, water tenperature inside the fiberglass pipe remined
bel ow the boiling point because of the insulating nature of
the conposite fiberglass wall and because of the nany
smal | | eaks which cooled the wall. |n one test the 2"

di aneter Fiberglass pipe assenbly reached a quasi-steady
state condition after approximately ten mnutes. After the
hal f hour fire exposure, the assenmbly was repressurized to
160 psi and the total |eakage rate nmeasured only one gallon
per mnute. There were mnor |eaks at two of the bonded
joints and at a nol ded seamin one of the el bows, but there
were no signs of separation or back-out in any of the seven
bonded joints in the assembly (in subsequent tests



relatively thin-walled filanment-wound fiberglass fittings
caused failures only a few mnutes after fire ignition
probably because of their insufficient insulating properties
for protection of the bond material).

4.0 Fire Insulation:

4.1 An application of mastic coating conpound (approximtely
1/16" thick) did not significantly inprove performance in
the dry pipe state. These coatings act nore as flane
barriers than insulators and consequently did not effectively
retard resin burn out. The fiberglass pipe spirally wound
with a conposite tape lasted approximately 1/2 to 1 mnute
l'onger than unprotected specinmens. The application of an
alumnized felt cover with and without a |-inch gap pro-
vialed 2 to 21/2 mnutes of additional protection. The
application of intumescent epoxy and |atex coating system
(approximately 10 roils thick) provided an additional 1 to
3 mnutes of air tight integrity in the dry pipe and a
| arge reduction in structural damage. The most effective
protective measure was ceramc felt insulation in the form
of a felt batting. Inl/4 U2 and 1 inch thicknesses, it
provided fromfour to ten mnutes of additional protection
and was itself unaffected by fire exposure.

5.0 Mechanical and Physical Tests:
5.1A fatigue test was run on a |I" 3" and 6"di aneter fiber-

gl ass piping assenbly incorporating nolded fiberglass
flanges, filament-wound sleeve couplings and nol ded fi ber-
glass 90"elbows. In all cases except one, joint and fitting
performance exceeded pipe performance. The one fitting
failure was due to inproper taper of a joint. Failures
occurred in the fiberglass as small cracks, usually parallel
to the fiber w nding angle, which |eaked when the assenbly
was at or close to maximum deflection. Normally when the




assenbly was returned to its neutral position, the |eak
woul d stop conpletely even when the assenbly was fully
pressurized (200 psi). In ncst cases, |eakage anounted
to only a few drops and all assenblies maintained interna
pressure. This is a safe failure mechani sm conpared to
fracture or joint separation.

5.2 Axial tension and cyclic fatigue tests conducted with
notched and scarred fiberglass pipe and fittings showed
that the material exhibited good resistance to externa
damage.

5.3 According G0 an engineering analysis, fiberglass pipe can
be expected to performas well as or better than schedul e
10 al um num under water-hammer conditions. .A though the
fatigue limt is less in fiberglass than alum num the
fiberglass pipe has | ower water-hamer pressure due to its
| ower nodul us of elasticity.



5.4 The particular fiberglass pipe performed al nost perfectly
under a splash resistance test that immersed specinens for
a period of 75 days in JP-5, diesel and navy distillate
fuels and hydraulic fluid. However, chenical resistance
may be very different for different resin fornulations.

5.5 No quantitative results of the nechanical tests will be
di scussed because they would apply only to the pipe tested.
Mechani cal properties are very sensitive to the properties
of the glass and resin, to the wall thickness and to the
helical angle of the windings for a particular species of
fiberglass pipe. This variability notwithstanding, the
following “Mnimum Performnce Requirenments for Fiberglass
Pi ping Materials” describes the region of performance
results expected for the pipe genus:

6.0 M nimum Performance Requirenents for Fiberglass Piping Mterials:

PHYSICAL PROPERTIES

f—_————————————————————— —
i RECOMMENDED MAXIMUM
PROPERTY TEST METEOD REQUIREMENT AT 75°F

] Thermal expansion, ASTM-D-696 1.30 x 107 in/in-°F

1 linear

Thermal conductivity ASTM-D-177 3.0 Btu/hr/ft2/°F/in
Flow factor Nazen-Williams 150
coefficient




MECHANI CAL PROPERTI ES

RECOMMENDED MINIMUM i
PROPERTY TEST METHOD REQUIREIENT AT 75°F
Long term cyclic pressur | ASTM -D-2992-71 6000 1bs/in? hoop stress
Proedure A at 150 x 10° cycles

Long term static pressur
strength

ASTM D-2992-71
Procedure B

15,000 lbs/in2 hoop stress
at 100,000 hrs.

Utimate hoop tensile
strength at burst

ASTM D- 1599- 69

35,000 |bs/in’

Long termcyclic fatigue
strength in fully-
reversed bending

5S30C low and
high freguency
fatigve tects
or egquivazlent

3,000 1bs/in’

Utimate axial tensile
strength

ASTM D- 2105- 67

9,000 Ibs/in’®

Axial nodul us of
elasticity .

ASTM D-2105- 67

1.0 x 10°Ibs/in?

Hoop nodul us of
elasticity

static pressure
test

2.0 x 10°I bs/in?

Hydrostatic col | apse
strength, mnimum
‘K" _factor

ASTM D-2924-70

5.8

| npact resistance

Bal | inpact
test

No damage, as verified b{
hydrostatic pressure tes

at twce rated Bressure, after
inpact by 1.2-1b steel ball
2-1nin diameter, from

6-ft drop hei ght |

FLAMVABI LI TY CHARACTERI STI CS

CHA’ SCTERISTIC TEST METHCD RECOMVENDED REQUI RVENT
surface Flammability ASTN-E- 84 or Max. flame spread index = 25
ASTH- E- 162

Smoke Density

NBS Smoke Chanber

Max. specific optical density=
250 (M L-p-0015280F (Ships))

Smoke Toxicity

Calorimetric indi-
cators, mass spec-
trometric analysis
gas chronatograPhy.
or infrared analysis

"Personnel exposure limit for |
heal th hazardous air contam -
nants”, BUMED INST. No. 6270. 3F;
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